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(54) HYBRID ELECTRIC VEHICLE 

(57)Abstract: * *? *? * 

PROBLEM TO BE SOLVED: To improve fuel efficiency 
of a hybrid electric vehicle having an internal combustion 
engine and an electric motor mounted therein. 
SOLUTION: Provided are an internal combustion engine 
2 that can switch the air/fuel ratio, an electric motor 3 
connected to an output shaft of the internal combustion 
engine 2, required load detection means 6 for detecting 
the load required to be applied to the electric motor 3, 
and control means 5 for allowing selection of operating 
states between the internal combustion engine 2 and the 
electric motor 3. The control means 5 sets a first 
running mode for operating the electric motor 3 when 
the required load is in the light load range, and sets a 
second running mode for driving the internal combustion 
engine 2 at a lean air/fuel ratio when the required load is 
in the medium load range. The control means 5 further 
sets a third running mode for driving the internal 
combustion engine 2 at rich air/fuel ratio when the 
required load is in the high load range. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hybrid electric vehicle which offers an 
internal combustion engine and a motor and changes the operating state of an internal 
combustion engine and a motor according to the load demanded. 
[0002] 

[Description of the Prior Art] In recent years, the control width of face of an air-fuel ratio is 
large, and the internal combustion engine which enabled it to perform operation stabilized also in 
the very thin air-fuel ratio is developed. The jump-spark-ignition-type injection mold internal 
combustion engine in a cylinder which injected the direct fuel in what added amelioration to the 
conventional internal combustion engine which injects a fuel to a suction port as such an internal 
combustion engine, or a cylinder is known. 

[0003] In the above internal combustion engines, improvement in an engine's fuel consumption 
engine performance and improvement in the output engine performance can be reconciled using 
the property which can control the condition of gaseous mixture freely. For example, in the 
injection mold internal combustion engine in a cylinder, while fuel injection is performed at the 
time of low load driving so that it may face to an ignition plug in a compression stroke, and 
forming the gaseous mixture of a rich (rich) condition partially near the tip of an ignition plug, the 
layer (or layer of air) of the very thin gaseous mixture of only air is almost formed in the 
perimeter of this gaseous mixture, and a flame spreads to the whole combustion chamber by 
making gaseous mixture near the ignition plug into charcoal by forming the gaseous mixture of 
the shape of a layer from which such fuel concentration differs — having — as the whole — 
very Lean (thin) — though considered as an air-fuel ratio, the stable combustion condition 
can be acquired. 

[0004] Thus, by performing stratification combustion (or it being called stratified combustion), 
operation stabilized also in the state of [ very thin ] the fuel (namely, condition that an air-fuel 
ratio is very larger than theoretical air fuel ratio) can be performed, and large improvement in 
specific fuel consumption can be realized. In addition,- the operation mode by such stratification 
combustion is also called super-RIN operation mode or compression Lean operation mode. 
[0005] moreover, the crown — the time of load operation — like an inhalation-of-air line — a 
fuel injecting abbreviation — premixed combustion operation which forms the gaseous 
mixture of uniform concentration is performed. Homogeneity lean combustion operation which 
operates in the thin condition (that is, an air-fuel ratio theoretical air fuel ratio size) of a fuel 
although it is not the super-RIN operation mode mentioned above in such premixed combustion 
operation (inhalation-of-air Lean operation mode), It is 02 so that an air-fuel ratio may turn into 
theoretical air fuel ratio. SUTOIKIO operation mode as homogeneity combustion operation which 
performs feedback control based on sensor information etc. (SUTOIKIO feedback operation 
mode), The enrichment operation mode (opening loop mode) as homogeneity combustion 
operation which operates in the rich condition (that is, an air-fuel ratio theoretical air fuel ratio 
smallness) of a fuel can be set up as a combustion gestalt. 

[0006] On the other hand, the hybrid electric vehicle which obtained the driving force of a car 
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combining the internal combustion engine and the motor (motor) is developed conventionally. A 
hybrid electric vehicle which the series type hybrid electric vehicle which uses an internal 
combustion engine as a power source of supply of a motor, and the parallel type hybrid electric 

vehicle JpyL which an internal combustion eogine's-output shaft and the output,shaft-oLa_motQr 

were mechanically connected to both driving wheels are known in such a hybrid electric vehicle, 
and has the description of both the above-mentioned parallel type hybrid electric vehicle and the 
above-mentioned series type hybrid electric vehicle besides these is also developed. 
[0007] In such a hybrid electric vehicle, while the fuel consumption engine performance generally 
improves sharply to the automobile it runs only with an internal combustion engine, the discharge 
of a harmful exhaust air object can also be lessened sharply. By the way, it is possible to aim at 
improvement in the further fuel consumption engine performance by using for such a hybrid 
electric vehicle an internal combustion engine with the large control width of face of an air-fuel 
ratio which was mentioned above. The technique which applied the engine (injection mold internal 
combustion engine in a cylinder which specifically mentioned above) which performs stratification 
combustion as an internal combustion engine of a hybrid electric vehicle to JP,9-79063,A from 
such a viewpoint is indicated. If engine loaded condition is in a light load condition, will operate an 
engine by stratification combustion, will make it run a car with this technique, and if engine 
loaded condition is inside loaded condition [ whether a motor is driven and it is made to run a car 
with the driving force of a motor, and ] Or while driving a motor, carry out stratification 
combustion of the engine, make it run a car with the driving force of a motor and an engine, and 
further, if engine loaded condition is in a heavy load condition An engine is operated by 
homogeneity combustion of air-fuel ratio level deeper than the time of stratification combustion, 
and it is made to make it run a car. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in such a Prior art, the technical problem 
that the improvement effect of the fuel consumption engine performance is small occurs. That is, 
an internal combustion engine has the property that thermal efficiency falls, so that he generally 
becomes low loading (light load) operation, and also although this inclination is called injection 
mold internal combustion engine in a cylinder with the high fuel consumption engine performance, 
it does not change. This is for the rate that engine mechanical loss (friction loss), and cooling 
and an exhaust loss occupy to increase, so that it becomes low loading. 
[0009] Therefore, like the above conventional techniques, even if it performs stratification 
combustion (internal combustion engine operation) at the time of an engine light load, the 
improvement effect of the fuel consumption engine performance is small. It was originated in 
view of such a technical problem, and this invention aims at offering the hybrid electric vehicle it 
was made to raise the fuel consumption engine performance further. 
[0010] 

[Means for Solving the Problem] In the hybrid electric vehicle of this invention, according to the 
load required of the internal combustion engine or motor detected with the demand load 
detection means, the operating state of an internal combustion engine and a motor is controlled 
by the control means, and the transit based on an internal combustion engine's driving force and 
the transit based on the driving force of a motor is changed. Moreover, at the time of operation 
of an internal combustion engine, air-fuel ratio level is changed based on an internal combustion 
engine's loaded condition. 

[001 1] And when it is detected that a demand load is in a light load region, a motor is operated 
and it is made to run a car with the driving force of this motor in a control means (1st transit 
mode). Moreover, if it is detected that a demand load is in an inside load region, while actuation 
of a motor is suspended, an internal combustion engine's operational status will be controlled by 
the air-fuel ratio with thin predetermined level, and transit of a car will be performed by the 
driving force obtained by this combustion (2nd transit mode). Furthermore, if it is detected that a 
demand load is in a heavy load region, an internal combustion engine's operational status will be 
controlled by deeper air-fuel ratio level, and transit of a car will be performed by the driving 
force obtained by this combustion (3rd transit mode). 
[0012] 
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[Embodiment of the Invention] Hereafter, with a drawing, if the hybrid electric vehicle as 1 
operation gestalt of this invention is explained The typical block diagram in which drawing 1 
shows the important section configuration, drawing 2 , and drawing 3 are drawings for all to 
explain the operation. A flow chart for all to explain the actuation briefly, as for drawing showing 
an example of a map for drawing 2 to set up transit mode, drawing in which drawing 3 shows the 
relation between engine thermal efficiency and transit mode, drawing 4 , and drawing 5 , drawing 
6 - drawing 1 1 are drawings for all to explain the modification. 

[0013] now, drawing 1 — setting — 1 — a parallel type hybrid electric vehicle (only henceforth a 
car), and 2 — an internal combustion engine (engine) and 3 — a motor (motor) and 4 — for a 
demand load detection means (accelerator position sensor) and 7, as for an engine-speed sensor 
and 9, a speed sensor and 8 are [ a driving wheel and 5 / a control means (ECU) and 6 / a 
transmission gear ratio detection means (gear ratio detection sensor) and 10 ] differential gears. 
In addition, the motor 3 also has the function as a generator. 

[0014] By this car 1, the motor 3 is mechanically connected with output-shaft 2a of an engine 2, 
and the transit (motor transit mode) by the driving force of a motor 3 and the transit (engine 
transit mode) by the driving force of an engine 2 are changed if needed. Moreover, although 
illustration is not carried out between an engine 2 and a motor 3, the clutch device etc. is 
prepared in it, and at the time of motor transit, it is constituted so that the driving force of a 
motor 3 may not be transmitted to an engine 2. In addition, without establishing a clutch device, 
it may constitute so that the driving force of a motor 3 may always be transmitted to the 
crankshaft of an engine 2, and you may constitute so that a motor 3 may assist the driving force 
of an engine 2. 

[0015] Moreover, although a change to motor transit and engine transit is performed based on 
the control signal from ECU5, it mentions later about this. On the other hand, an engine 2 is the 
injection mold internal combustion engine in a cylinder which explained in the conventional 
technique, and injects a fuel by the compression stroke. The stratification combustion which 
burns by forming the gaseous mixture of different concentration distribution in the shape of a 
layer in a combustion chamber (stratification combustion operation mode), Like a common port 
injection engine, inject a fuel like an inhalation-of-air line, and premixing is performed. It has two 
combustion gestalten (operation mode) with the homogeneity combustion (homogeneity 
combustion operation mode) which burns by forming the gaseous mixture of abbreviation 
homogeneity concentration in a combustion chamber, and it is constituted so that such 
operation modes may be changed according to the loaded condition of an engine 2. 
[0016] Among these, in stratification combustion operation mode, since an air-fuel ratio is 
extremely set as Lean (about 25 to 40 air-fuel ratio), it is also called super-RIN operation mode 
or compression Lean operation mode. Moreover, it is 02 so that an air-fuel ratio may serve as 
inhalation-of-air Lean operation mode which operates in the thin condition (about 15 to 25 air- 
fuel ratio) of a fuel although it is not compression Lean operation mode as homogeneity 
combustion operation mode as already explained with theoretical air fuel ratio (14.7). The 
SUTOIKIO feedback operation mode which performs feedback control based on sensor 
information etc., and the opening loop mode which operates in the rich condition (about 12 to 14 
air-fuel ratio) of a fuel are offered. And especially with this operation gestalt, inhalation-of-air 
Lean operation mode is called homogeneity lean combustion operation mode among such 
homogeneity combustion operation modes. 

[001 7] In addition, above-mentioned compression Lean operation mode and inhalation-of-air 
Lean operation mode are equivalent to operation of an air-fuel ratio with the thin (Lean) 
predetermined level in this invention, and SUTOIKIO feedback operation mode and an opening 
loop mode are equivalent to operation on air-fuel ratio level deeper than the Lean air-fuel ratio 
of the predetermined level in this invention. 

[0018] Moreover, the change of such operation mode of an engine 2 is too performed based on 
the control signal from ECUS. That is, as shown in drawing 1 , the accelerator position sensor 
(demand load detection means) 6, the speed sensor 7, the rotational frequency sensor 8, and the 
gear ratio detection sensor 9 grade are connected to ECU5, and the transit mode of a car 1 and 
the operation mode of an engine 2 and a motor 3 are set up based on the detection information 
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from each sensors 6-9 in ECUS. 

[0019] The accelerator position information APS as a demand load detected by the accelerator 
position sensor 6 by ECUS here (accelerator opening information) From the engine-speed 

—information Ne -detected with the e ngin e s peed ^ensorixJA/heiUtjudge _ 

computes the brake mean effective pressure Pe of an engine 2, and is required of an engine 2 
based on this calculation result being in a heavy load region (or the load of an engine 2 being 
operated in the high condition) When it judges with the load which performs engine operation by 
homogeneity combustion and is required of an engine 2 being in a little low inside load region of 
thermal efficiency by whenever [ middle ] (or the load of an engine 2 being operated by whenever 
[ middle ]) Engine operation is performed by stratification combustion or homogeneity lean 
combustion. Further When it judges with the load required of an engine 2 being operated in the 
low light load region where thermal efficiency is low (or the load of an engine 2 being operated in 
the low condition), transit by the motor 3 is performed. 

[0020] When a setup in the concrete transit mode in ECUS is explained, next, in ECUS According 
to transmission gear ratio, the map as shown in drawing 2 is stored, respectively. In ECUS, the 
map according to gear ratio is selected based on the information TMn from the gear ratio 
detection sensor 9, and transit mode is set up using this selected map from the load information 
APS from the accelerator position sensor 6, and the vehicle speed information Vs from a speed 
sensor 7. 

[0021] In addition, it does not have a map as shown in drawing 2 for every transmission gear 
ratio. It is referred to only as one in gear ratio immobilization of the map shown in drawing 2 . For 
the judgment in the transit mode in the case of other gear ratio It is also possible to use value 
APST for which it calculated and asked from the relation between fixed gear ratio and current 
gear ratio, APS2\ and Vs1' and Vs2' using APS1 and APS2 in the case of the fixed gear ratio 
which is a transit mode criterion value, and Vs1 and Vs2. 

[0022] Now, if the example of transit mode setting is explained, as shown in drawing 2 The load 
required of an engine 2 as the accelerator position detected with the accelerator position sensor 
6 being below the 1st predetermined value APS 1 (or APS1') (light load region) is low (). Or an 
engine 2 judges with being used in the state of a light load with a low load, and is set as the 1st 
transit mode it runs with the driving force of a motor 3. 

[0023] The accelerator position detected with the accelerator position sensor 6 below with 
moreover, the 2nd larger predetermined value APS 2 (or APS2') than the 1st predetermined 
value APS 1 (APST) And the load required of an engine 2 when it is in the field except the light 
load region which the vehicle speed detected with the speed sensor 7 is below the 2nd 
predetermined value Vs2 (Vs2'), and was mentioned above is whenever [ middle ] 0. Or while the 
engine 2 is used by inside loaded condition, it judges with a load region, and it is set as the 2nd 
transit mode which operates an engine 2 by stratification combustion operation mode 
(compression Lean operation mode) or homogeneity lean combustion operation mode (inhalation- 
of-air Lean operation mode). 

[0024] Furthermore, [ whether the accelerator position detected with the accelerator position 
sensor 6 is larger than the 2nd predetermined value APS 2 (APS20, and ] Or if the vehicle speed 
detected with the speed sensor 7 is larger than the 2nd predetermined value Vs2 (Vs2') and an 
accelerator position is larger than the 1st predetermined value APS 1 (APSV) It judges with the 
heavy load region where the load required of an engine 2 is expensive (or the engine 2 is used in 
the state of the heavy load). It is set as the 3rd transit mode which operates an engine 2 by 
homogeneity combustion operation mode (SUTOIKIO feedback operation mode or opening loop 
mode). 

[0025] On the other hand, in drawing 2 , an accelerator position is assumed to be the condition 
of running accelerator-off or a downhill grade with a certain amount of vehicle speed below with 
APS1 (APS1') in the field where the vehicle speed is higher than Vs1. If motor transit is carried 
out under such a situation, a mode change in a motor 3 and an engine 2 will take time amount at 
the time of the next re-acceleration, and giving displeasure to a driver will also be considered. In 
such a case, as are shown in drawing 6 , and it sets up or a map is shown in (the 1st 
modification) and drawing 9 , it sets up (the 2nd modification), and you may make it change 
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transit mode as the modification. 

[0026] Moreover, although the map shown in drawing 2 also means that all the vehicle speed can 
be covered at the operating engine speed of a motor 3 f the map shown in drawing 6 and drawing 
9 means that all the vehicle speed cannot be covered at the operating engine speed of a motor 
3. That is, the car transit mode map shown in drawing 2 according to the rate of improvement of 
the fuel consumption engine performance, the specification of a motor, or transmission gear ratio 
may be set up as shown in drawing 6 or drawing 9 . 

[0027] In addition, since the 1st modification shown in drawing 6 and the 2nd modification shown 
in drawing 9 are the same as the operation gestalt which only the setting fields of motor transit 
differed and was mentioned above except this, detailed explanation is omitted. Now, as 
mentioned above, if transit mode is determined in ECU5, the control signal set up by this ECUS 
will be outputted to injector 2b and a motor 3, and actuation of an engine 2 and a motor 3 will be 
controlled. And by changing transit mode according to the load required of an engine 2 in this 
way, the fuel consumption engine performance can be improved and the engine performance of 
the automobile average which makes only an internal combustion engine (engine) 2 the source of 
power can be secured from the hybrid electric vehicle conventional in the load region below an 
inside load region in the heavy load region. 

[0028] Here, the reason for changing transit mode as mentioned above in the hybrid electric 
vehicle of the invention in this application is explained using drawing 3 corresponding to drawing 
2 . Here, drawing 3 is drawing showing the relation between engine thermal efficiency and transit 
mode, and the axis of ordinate shows the brake mean effective pressure Pe which means the 
load of an engine 2. This brake mean effective pressure Pe is equivalent to the accelerator 
position APS which means the car load of the axis of ordinate shown in drawing 2 , when the 
gear ratio of transmission is fixed. An axis of abscissa shows an engine speed Ne, and when 
transmission gear ratio is fixed, it is equivalent to the vehicle speed Vs of the axis of abscissa of 
drawing 2 . 

[0029] In this drawing 3 , a dotted line is divided gradually and shows the thermal efficiency of an 
engine 2, thermal efficiency becomes high, so that it is close to a core, and it is shown that 
thermal efficiency falls, so that it separates from a core. Moreover, Line a is an example which 
shows change of the brake mean effective pressure Pe at the time of the engine transit in 
transmission gear ratio regularity. As shown in drawing 3 , it turns out that it is not concerned 
with the vehicle speed (engine speed), but it is not concerned with the rotational frequency of an 
engine 2, but thermal efficiency becomes very low in (the condition that a car load is low) in the 
condition that brake mean effective pressure Pe is low. Even if it carries out stratification 
combustion of the engine 2 in this case (light load region), it can be said that it is in a difficult 
condition to improve the fuel consumption engine performance greatly. Then, the fuel 
consumption engine performance is raised by operating a motor 3 in this case and making it run 
a car 1 with the driving force of a motor 3 (1 st transit mode). 

[0030] Moreover, it turns out that thermal efficiency of the vehicle speed (engine speed) 
improves in whenever [ middle ] (for example, when the vehicle speed is between Vs(es)2 from 
Vsl). Then, he is trying to make it run a car 1 in this case (inside load region) by making 
operation mode of an engine 2 into stratification combustion mode or homogeneity lean 
combustion mode (2nd transit mode). Furthermore, even if the vehicle speed (engine speed) 
rises, thermal efficiency hardly changes. The combustion formation nature of an engine 2 to an 
engine load (brake mean effective pressure Pe) opts for the decision in the transit mode in this 
case. That is, in the field (heavy load region) of high rotation and a heavy load (brake mean 
effective pressure is high), since stratification combustion or homogeneity lean combustion is 
not materialized, an engine 2 runs homogeneity combustion mode a car 1 bordering on the 
boundary of the vehicle speed (engine speed) and the car load (brake mean effective pressure) 
with which these combustion is materialized (3rd transit, mode). 

[0031] In addition, while operate an engine by stratification combustion and it was made to run a 
car with the technique of JP,9~79063,A mentioned above, when the engine was in the light load 
condition, having driven the motor when the engine was inside loaded condition, making it run a 
car with the driving force of a motor or driving the motor, stratification combustion of the engine 
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was carried out, it was constituted so that assistance of a motor might perform engine transit 
and it was difficult to improve the fuel-consumption engine performance greatly. 
[0032] On the other hand, when it is made to run a car 1 by the motor 3 by the operating range 
(l i ght load region) with l ow t hermai- efficiency p a y in g atten tioatoJ±LeJ:hermaL efficienc y of an _ 
engine 2 (1st transit mode) and thermal efficiency becomes high, an engine 2 is operated by 
stratification combustion or homogeneity lean combustion, and it is made to run a car 1 in this 
invention (2nd transit mode). Furthermore, the load which is the engine speed in which 
stratification combustion or homogeneity lean combustion of an engine 2 is impossible, or is 
required of an engine 2 operates an engine 2 by homogeneity combustion, and makes it run a car 
1 in a high (for brake mean effective pressure to be high) operating range (heavy load region) 
(3rd transit mode). 

[0033] By the way, each of drawing 7 and drawing 10 shows the 1st and 2nd modifications of this 
operation gestalt, and only division of an operation mode field differs to drawing 3 R> 3. 
Moreover, corresponding to drawing 6 and drawing 9 , the relation in in the engine thermal 
efficiency and transit mode which are shown in drawing 7 and drawing 10 is the same as the view 
of drawing 3 to drawing 2 , and is omitted about detailed explanation, respectively. 
[0034] Since the hybrid electric vehicle as 1 operation gestalt of this invention is constituted as 
mentioned above, while transit mode is set up based on a flow chart as shown, for example in 
drawing 4 and drawing 5 , actuation of an engine 2 and a motor 3 is controlled. First, if flow until 
transit mode is set up is briefly explained using the flow chart shown in drawing 4 , the 
transmission gear ratio information TMn will be first read at step S1, then, the vehicle speed 
information Vs will be read at step S2, and then the accelerator position information APS will be 
read at step S3. And based on such detection information, a transit mode map is selected by 
step S4. At step S5, the information on steps S1-S3 is used for the transit mode map selected 
by step S4, and transit mode is set up. 

[0035] Next, the concrete procedure of a setup in the transit mode in the above-mentioned step 
S5 is explained using the flow chart shown in drawing 5 . First, it is judged for the accelerator 
position APS detected at the above-mentioned step S3 by step S51 whether it is one or less 
predetermined value APS. When the accelerator position APS is the 1st one or less 
predetermined value APS, it progresses to step S52, and it is judged with the load required of an 
engine 2 being low (light load mode, light load region), and is set as motor transit mode (1st 
transit mode) at step S53. 

[0036] In this case, the control signal for operating a motor 3 from ECUS is outputted, and it 
changes to the mode a car 1 runs with the driving force of a motor 3. In addition, actuation of an 
engine 2 may be suspended and you may make it operate at this time. When operating an engine 
2, it is possible to control the operating state of an engine 2 according to the remaining capacity 
of a dc-battery (illustration abbreviation) which drives a motor 3, and also making it run a car 1 
with the driving force of an engine 2 and the driving force of a motor 3 is considered. 
[0037] On the other hand, when judged with the accelerator position APS being larger than the 
1st predetermined value APS 1 at step S51, it progresses to step S54, and it is judged for the 
accelerator position APS whether it is the 2nd two or less predetermined value APS. When the 
accelerator position APS is the 2nd two or less predetermined value APS, it progresses to step 
S55, and it is judged, and if it is small whether the vehicle speed Vs is smaller than the 
predetermined value Vs2, it will progress to step S56. In this case, it is judged with the load 
required of an engine 2 at step S56 being whenever [ middle ] (inside load mode, inside load 
region), and it is step S57 and is set as the transit mode (2nd transit mode) by stratification 
combustion operation or homogeneity lean combustion operation. 

[0038] In this case, actuation of a motor 3 is suspended and an engine 2 is operated by 
stratification combustion (compression Lean operation mode) or homogeneity lean combustion 
(inhalation-of-air Lean operation mode). Moreover, when judged with the vehicle speed Vs being 
larger than the predetermined value Vs2 at the case where it is judged with the accelerator 
position APS being larger than the 2nd predetermined value APS 2 at the above-mentioned step 
S54, or step S55, it progresses to step S58. And it is judged with the load required of an engine 
2 being expensive (heavy load mode, heavy load region) at this step S58, and is set as the transit 
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mode (3rd transit mode) by homogeneity combustion operation at step S59. In this case, an 
engine 2 is operated by homogeneity combustion (SUTOIKIO feedback operation mode or 
opening loop mode). 

[0039] As mentioned above, in the hybrid electric vehicle of this invention, there is an advantage 
that the fuel consumption engine performance of a hybrid electric vehicle can be raised, by 
changing the operational status of an engine 2 and a motor 3. Moreover, according to this 
invention, since what is necessary is just to change the control logic of an engine 2 and a motor 
3, it also has the advantage of not causing the increment in weight or cost. 
[0040] By the way, drawing 8 and drawing 1 1 are the flow charts of the 1 st and 2nd 
modifications of the operation gestalt of this invention, and correspond to the flow chart of 
above-mentioned drawing 5 . With these flow charts, although the view of a flow chart is the 
same as that of drawing 5 only by the judgments in transit mode differing, it explains briefly 
hereafter. First, if the 1st modification is explained, the flow chart shown in drawing 8 is the 
same as what shows the configuration procedure in the transit mode at the time of setting up a 
travel corridor as shown in drawing 6 and drawing 7 , and shows step S1 - S4 to drawing 4 and 
drawing 5 . 

[0041] Now, at step S60, it is judged for the accelerator position APS detected at the above- 
mentioned step S3 whether it is the 2nd two or less predetermined value APS. When the 
accelerator position APS is the 2nd two or less predetermined value APS, it progresses to step 
S61, and further, if the accelerator position APS is the 1st one or less predetermined value APS, 
it will progress to step S62 from step S61. 

[0042] And at step S62, if it is judged whether it is two or less predetermined value Vs and the 
vehicle speed Vs is two or less predetermined value Vs, it will progress to step S63, and it is 
judged with the load required of an engine 2 being low (light load mode, light load region), and is 
set as motor transit mode (1st transit mode) at step S64. Moreover, if judged with the 
accelerator position APS being larger than the 1st predetermined value APS 1 at step S61, it will 
progress to step S65 and it will be judged for the vehicle speed Vs whether it is two or less 
predetermined value Vs. And if it is two or less predetermined value Vs, the load which 
progresses to step S66 and is required of an engine 2 will be judged to be whenever [ middle ] 
(inside load mode, inside load region), and will be set as the transit mode (2nd transit mode) by 
stratification combustion operation or homogeneity lean combustion operation at step S67. 
[0043] Moreover, when judged with the accelerator position APS being larger than the 2nd 
predetermined value APS 2 at step S60, or when it is judged with the vehicle speed Vs being 
larger than the predetermined value Vs2 at step S62 and step S65, it progresses to step S68 
and is judged with the load required of an engine 2 being expensive (heavy load mode, heavy load 
region). And it is set as the transit mode (3rd transit mode) by homogeneity combustion 
operation at step S69. 

[0044] Moreover, if the 2nd modification is explained, the flow chart shown in drawing 1111 is the 
same as what shows the configuration procedure in the transit mode at the time of setting up a 
travel corridor as shown in drawing 9 and drawing 10 , and shows step SI - S4 to drawing 4 and 
drawing 5 like the 1st above-mentioned modification. First, at step S70, it is judged whether it is 
the 1st one or less predetermined value APS, and if the accelerator position APS is the 1st one 
or less predetermined value APS, it will progress to step S71 next And at step S71, if it is 
judged whether it is the 1st one or less predetermined value Vs and the vehicle speed Vs is the 
1st one or less predetermined value Vs, it will progress to step S72 next, and it is judged with 
the load required of an engine 2 being low, and is set as motor transit mode (1st transit mode) at 
step S73. 

[0045] Moreover, when it progresses to step S74 when judged with the accelerator position APS 
being larger than the 1st predetermined value APS 1 at step S70, and it is judged with the 
vehicle speed Vs being larger than the 1st predetermined value Vs1 at step S71, it progresses to 
step S75. At step S74, it is judged, if it is this 2nd two or less predetermined value APS whether 
the accelerator position APS is the 2nd two or less predetermined value APS, it will progress to 
step S75, and it is judged for the vehicle speed Vs whether it is the 2nd two or less 
predetermined value Vs. 
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[0046] And it is judged with the load required of an engine 2 as the vehicle speed Vs being the 
2nd two or less predetermined value Vs in step S76 being whenever [ middle ], and is set as the 
transit mode (2nd transit mode) by stratification combustion operation or homogeneity lean 

APS being larger than the 2nd predetermined value APS 2 at step S74, or when it is judged with 
the vehicle speed Vs being larger than the 2nd predetermined value Vs2 at step S75, it 
progresses to step S78. And it is judged with the load required of an engine 2 being expensive at 
this step S78 f and is set as the transit mode (3rd transit mode) by homogeneity combustion 
operation at step S79. 

[0047] In addition, this invention is deformable in the range which is not limited to an above- 
mentioned operation gestalt and does not deviate from the meaning of this invention about the 
configuration of details. For example, although it consists of operation gestalten mentioned above 
so that transit mode (engine combustion mode is included) may be changed based on the vehicle 
speed information Vs and the accelerator position information APS, the engine-speed 
information Ne may be used instead of the vehicle speed information Vs, and brake mean 
effective pressure Pe may be used instead of the accelerator position information APS as load 
information. In this case, although the engine-speed information Ne cannot be used if it restricts 
at the time of motor transit, the vehicle speed information Vs should be used in this case only at 
the time of actuation of a motor 3. 

[0048] Moreover, when it is the field where a load is still more expensive also in a heavy load 
region in distinction from two about a heavy load region to the field where a load is 
comparatively low, corresponding to a load also in the inside of the field where a load is still more 
expensive, and a heavy load region [ a heavy load region or ] when it is in transit mode of ** the 
3rd whose load demanded is a heavy load, a motor 3 may be operated, and an engine 2 may be 
assisted. Moreover, a motor 3 may be operated over the heavy load region whole region, and an 
engine 2 may be assisted. 

[0049] Furthermore, an internal combustion engine is not limited to the injection mold internal 
combustion engine in a cylinder, and may use a port injection mold internal combustion engine 
which injects a fuel in a suction port. 
[0050] 

[Effect of the Invention] If an internal combustion engine's load is in a low light load condition 
according to the hybrid electric vehicle of this invention as explained in full detail above, the 1st 
transit mode by the driving force of a motor it runs will be chosen. The 2nd transit mode which 
will operate with an air-fuel ratio with thin predetermined level, and will run an internal 
combustion engine if it is inside loaded condition is chosen. With the simple configuration that 
the 3rd transit mode which operates and runs an internal combustion engine on air-fuel ratio 
level richer than an air-fuel ratio with the above-mentioned thin predetermined level will be 
chosen if it is in a heavy load condition, the fuel consumption engine performance is greatly 
improvable. Moreover, since this invention should just change the control logic of a hybrid 
electric vehicle, it also has the advantage of causing neither cost nor weight increase. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the typical block diagram showing the important section configuration in the 
hybrid electric vehicle as 1 operation gestalt of this invention. 

[Drawing 2] It is drawing for explaining the operation in the hybrid electric vehicle as 1 operation 
gestalt of this invention, and is drawing showing an example of the map for setting up transit 
mode. 

[Drawing 3] It is drawing for explaining the operation in the hybrid electric vehicle as 1 operation 
gestalt of this invention, and is drawing showing the relation between engine thermal efficiency 
and transit mode. 

[Drawing 4] It is a flow chart for explaining briefly the actuation in the hybrid electric vehicle as 1 
operation gestalt of this invention. 

[Drawing 5] It is a flow chart for explaining briefly the actuation in the hybrid electric vehicle as 1 
operation gestalt of this invention. 

[Drawing 61 It is drawing explaining the 1st modification of the hybrid electric vehicle as 1 

operation gestalt of this invention, and is drawing corresponding to drawing 2 . 

[Drawing 7] It is drawing explaining the 1st modification of the hybrid electric vehicle as 1 

operation gestalt of this invention, and is drawing corresponding to drawing 3 . 

[Drawing 8] It is a flow chart for explaining briefly the actuation in the 1st modification of the 

hybrid electric vehicle as 1 operation gestalt of this invention. 

[Drawing 9] It is drawing explaining the 2nd modification of the hybrid electric vehicle as 1 

operation gestalt of this invention, and is drawing corresponding to drawing 2 . 

[Drawing 10] It is drawing explaining the 2nd modification of the hybrid electric vehicle as 1 

operation gestalt of this invention, and is drawing corresponding to drawing 3 . 

[Drawing 1 1] It is a flow chart for explaining briefly the actuation in the 2nd modification of the 

hybrid electric vehicle as 1 operation gestalt of this invention. 

[Description of Notations] 

1 Car 

2 Internal Combustion Engine (Engine) 
2a Output shaft 

2b Fuel-supply means (injector) 

3 Motor (Motor) 

4 Driving Wheel 

5 Control Means (ECU) 

6 Demand Load Detection Means (Accelerator Position Sensor) 

7 Speed Sensor 

8 Rotational Frequency Sensor 

9 Transmission Gear Ratio Detection Means (Gear Ratio Detection Sensor) 

10 Differential Gear 

[Translation done.] 
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